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Abstract 
This paper describes preliminary results of research related to programming teaching tools. This study focuses on the key 
issues being highlighted in this research. Among the research questions of the study are: What are the important issues in 
programming teaching and learning research? What are the methods of the research? What kind of tools involved in 
programming teaching and learning? What is the level of programming involved? The study applies systematic review 
approach to 45 research papers derived from the ACM digital database, published between 2005 and 2011. The study found 
six issues related to programming teaching tools, and most of the issues concern on the techniques and methods used in 
teaching, learning and assessment. Regarding the level of programming involved, majority of the research focuses on 
introductory stage. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of The Association of Science, Education and Technology-TASET, Sakarya 
Universitesi, Turkey. 
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1. Introduction  
Various tools have been introduced in education process to enhance teaching and learning activities. These 
tools play important role for enriching students' learning experience on the learned subject. In programming 
teaching and learning, various electronic tools are available. These electronic tools are essential since 
programming software and environment are closely related to and require computer as a platform to implement 
and test the syntax of programming.  
Programming process involves a combination of activities i.e. planning, designing, testing and debugging. To 
learn on how to develop a program, students need to understand the syntax of programming language. The 
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complexity of programming and difficulty to comprehend program logic often lead to frustration and lack of 
motivation to learn programming (Caitlin Kelleher, 2005). According to Garner (2007), learning separation 
between theory and practical sessions complicate the learning process in this course. Eventually, these factors 
contribute to the high rate of dropouts in programming courses at most universities and colleges. 
These problems have stimulated researchers to find ways to help students in learning programming. Among 
the top three topics in programming teaching and learning are issues related to programming tools (Sheard et al. , 
2009). Available programming tools and environment such as Alice, BlueJ, Jeliot, Scratch and Greenfoot intend 
to facilitate teaching and learning in programming and to reduce the burden of instructor. Various learning 
strategies such as story telling, games in learning approaches, simulation and visualization techniques as well as 
pair-programming approaches are implemented to enhance student engagement and to develop creative thinking 
as one of the preparation strategy for students to become future producers, not just consumers of technology 
(Denner et all., 2012). Researchers in programming teaching and learning areas also give their attention to related 
issues for example students’ attitudes toward programming and assessment activities in the process.  
Although programming teaching and learning research has rapidly increased, there is little study to evaluate 
and synthesize the results of relevant research in this area, specifically within the context of programming tools. 
The objective of this paper is to identify the direction of recent research in programming tools usage in teaching 
and learning from 2005 to 2011. Four research questions were raised in this study: what are the current issues 
related to tools in programming teaching and learning?, what are the adopted method in the research?, what kind 
of tools that were developed or used in programming teaching and learning?, and what are the level of 
programming involved? 
2. Programming Tools  
Programming consists of three main components: program, programming tools and programming language. 
As one of the key element in programming, programming tools play an important role in programming 
development and implementation. Programming tools provide the software or environment that allows 
programmers to give instructions, test them and implement the program. Ability and skills to use programming 
tools are considered as important and equivalent to skills in syntax and logic. In teaching and learning of 
programming, programming tools is one of the main topics that discuss issues related to pedagogy, curriculum 
and programming languages (Janet C. et al, 2011; Anorld, 2007; Judy, 2009). 
Programming tools are supposed to assist novice programmers, students and instructors in developing 
programming skills. Though many of programming tools are available in market and most of them can be 
downloaded from the Internet and supported by most platforms, only a small number of them are suitable to be 
adopted in programming teaching and learning (Valentine, 2004). As a consequent, skills in using programming 
tools could be gained only through informal learning, trial and error process, using either Internet sources, help 
functions, or from insertion notes supplied by the software. 
Program software developers are generally designed to meet the needs of professional and advance 
programmers. Usually, the software are equipped with complete set of concepts and complex functions. Due to 
limited experience and knowledge among novice programmers, it is very difficult for them to understand and use 
the functions. As a result, this complex functions are perceived as problem rather than solution that help them in 
producing program. Furthermore, complexity in software interface, difficulty to understand error messages 
display and warning messages are among the reasons why most programming tools are not suitable for the 
programming learning environment (Arnold et al, 2007). These hurdles distract and fade away the initial interest 
possessed by novice programmers or students.  
This problem calls for innovative programming tools and environment suitable for teaching and learning 
purposes. Better learning can be achieved by using a tool that combines communications technology, active 
learning and visualization display. Jeliot3 is among programming tool architecture and features that support 
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device from cell phones to interactive code that allow mobile users to contribute code and predict its performance 
(Andrés et al, 2004). 
Research in programming teaching and learning has produced a variety of special tools to help students 
develop their program. Among the tools that are used in software programming including Alice and Jeroo, JPie, 
Alice, Karel Universe, Raptor, Iconic Programmer and Visual Logic (Power et al, 2006). In addition to focusing 
on the needs of students, educational programming tools are also designed with unlimited teaching methods to 
reduce the need for tutors and increase aid through the use of technology. Each innovation considers the features 
of the latest gadgets that have gained importance in the computer science education community. 
3. Method in Systematic Review 
The present study is performed using systematic review. Systematic review is a process for identifying, 
evaluating and interpreting research materials to answer a number of research questions (Kitchenham and 
Charters, 2007). The purpose of systematic review is to summarize the research by performing synthesis on 
research resources. In this study, the review was carried out in several activities. The activities involve: 
 Identify research needs and devise a protocol study 
 Build research questions 
 Identify relevant literature by performing search on  database based on teaching and learning 
programming research domain 
 Select materials based on inclusive and exclusive criteria 
 Extract data and evaluate the quality 
 Synthesize evidence 
 Interpret results and write reports  
Database search on programming tools research papers was made using ACM digital library. ACM digital 
data base is selected as a source of information domain because the programming education are widely covered 
and published by ACM, including the publication of conferences i.e. ICER, SIGCSE, ITiCSE, ACE, SIGGRAPH 
and Koli Calling. Two keywords were used in the search process that refer to the study domain i.e. "Teaching and 
Learning Tool" and "Programming”. 
The research questions raised in the study and selection criteria that will be discussed shortly after this guide 
the researcher in performing systematic review. 
 
3.1. Research questions 
The study focus is to understand the practice of the researchers in programming teaching and learning using 
teaching equipment. This literature survey aims to obtain answers to the following four research questions: 
Research question 1: What are the important issues in programming teaching and learning research? 
Research question 2: What are the methods used in programming teaching research? 
Research question 3: What kind of tools used in programming teaching and learning? 
Research question 4 : What are the level of programming involved? 
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3.2. Inclusive and exclusive criteria 
All selected research papers in this survey must meet inclusive and exclusive criteria. The following list is the 
inclusive criteria:  
 Research papers published in conference or journal;  
 Research papers published between the years 2005 - 2011; 
 Research paper that discusses the topic of education tools in the field of programming.  
While the rejection of a research papers are those that meet this criteria:  
 Research papers published other than English;  
 Research papers outside the domain of education tools in programming; 
 Research papers  that display only the abstract, without full access to the entire discussion; 
 Double issue by the same author, describing the same topic, only the most recent publication will be 
taken into account in this study.  
 
4. Results and Discussions of Systematic Review  
This section describes the results of the analysis in the review. The obtained data will be the input of the 
synthesis process. Synthesis includes formulating the finding that will answer the research questions set out in 
Section 3.1. Search strategy used in the ACM database lists 52 publications related to programming tools (Table 
1). However, after evaluating the research paper title and abstract, and after removing previous copies of multiple 
studies, only 45 papers were accepted for analysis. 88% of the initial research papers were included after paper 
screening based on titles and abstract. Seven research papers were rejected, which title falls outside programming 
education domain. 
"Tool" or "instrument'' keywords in most of the research papers refer to software, applications and 
programming environments. However, researchers may refer this string using different terms such as technology, 
management methods, research  tools, and  teaching approach. 
Table 1. Paper review 
Paper Number 
Total fulfill inclusive criteria 52 
Total fulfill exclusive criteria 7 
Total valid 45 
4.1. Research question 1: Issues in educational programming research  
Research in programming consists of a number of issues. Classification of papers within similar issue is 
conducted using a method proposed by Simon (2007). Simon (2007) classifies computing publications on four 
aspects of discussion: context, theme, scope and characteristics. Since the research questions for this study focus 
on the detail of research discussion, the classification is made based on the research theme. Simon (2007) 
suggests 16 dimensions of research issue under theme heading. As a result, six issues were identified in  this 
study (see Table 2). Five important issues will be discussed separately here. 
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Table 2. Identified issues 
Issue Number 
Techniques of teaching / learning / 
assessment 
18 
Teaching / learning / assessment tools 13 
Ability / aptitude / understanding 7 
Model and theory of teaching/learning 3 
Research direction 3 
Gender issue 1 
Total 45 
 
4.1.1 Techniques of teaching,  learning,  assessment 
Regarding educational programming techniques of teaching, learning and assessment, the focus of relevant 
papers is to report the experience and describe teaching and learning methods. The various features and aspects 
of information technology (IT) are also reviewed to relate the best and pedagogical techniques that produce 
programming skills and confidence to students, including fragmentation of the programming process using small 
parts (Simon et al, 2007), visualization (Orni et al, 2010, Robin et al,2010, N. Baloian, et al, 2005), constructive  
(Naomi et al, 2008) and  think-aloud approach (Naveed Arshad, 2009).  
Among the formulations in this dimension are to construct clear programming teaching strategy to increase 
student learning outcomes (Carsten Schulte & Maria Knobelsdorf, 2007, Michael E. Caspersen & Jens 
Bennedsen. 2007, Jorge A. et al,2009 ). The design and testing of programming learning model are considered as 
important process to identify and understand how students experience certain learning method. This helps to 
explain the learning process and improve existing methods (Michael E. Caspersen & Jens Bennedsen, 2007, 
Eckerdal et al,2007). The implementation of active learning should not focus only on language syntax and 
programming logic (Carsten Schulte & Jens Bennedsen, 2006) in educational programming. Among the 
suggested activities are trouble shooting and breaking solution into phases (Simon Grayet al, 2007, and Quintin 
Cuttset et al, 2011) . 
4.1.2 Teaching, learning and assessment tools 
Under this issue, 13 papers fall into this research issue that discuss the process of teaching and learning, as 
well as assessment in programming course. These tools might be developed by the researchers themselves. A 
large number of studies measure the effectiveness of these tools in helping students to write the program and 
perform the solution (N. Baloian et al, 2005 and Susan H. Rodger et al, 2009) Similarly, many studies assess the 
impact and relationship between programming tool usage and performance (Juha Helminen and Lauri 
Malmi,2010 and Paul Denny et al, 2011 ). 
The results show that the use of various software tools help student to program. Based on good performance 
positive response from student, there is evidence that the tools are accepted in the learning process (Orni et al, 
2010, Reginamary et al, 2009, Fatima AlShamsi and Ashraf Elnagar, 2009,  Ana Paula et al, 2010,  Georgios 
Fesakis & Kiriaki Serafeim, 2009 ). Besides, tool support from technology and peer-learning are important in 
helping students to understand programming concept  (Davor ubrani  et al, 2006 ). 
Programming tools using visualization approach were found to be preferred by students (N. Baloian et al, 
2005 and Susan H. Rodger et al, 2009). Meanwhile, game element makes learning programming more interesting 
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to follow (Martinha Piteira & Samir R. Haddad, 2011 and Mary Flanagan et al, 2005). Programming animation 
and online application were among innovative element in the research (Jungsoon et al,2006). 
4.1.3 Ability / aptitude / understanding 
Programming complexity and ambiguity are among the reasons for lack of motivation among programming 
students (Päivi Kinnunen & Lauri Malmi,2008 and Paivi Kinnunen & Lauri Malmi, 2006). Among the concerns 
in handling laboratory sessions for this course is the effort to identify and rectify errors that might frustrate and 
discourage students. In the long run, students’ attitude towards programming are at stake and consequently give a 
negative impact on exam scores (Emily S. at al, 2011) which in turn contributes to drop out in programming 
subjects. 
In programming teaching and learning, students require clear and precise instruction and need peer support ( 
Michael E. et al, 2007 and Naomi et al, 2008). Students’ understanding in programming can be improved by 
paying attention to clear instruction activities and peer learning forum( Naomi et al, 2008), as well as applying 
concepts and knowledge through games (Martinha Piteira and Samir R. Haddad, 2011). 
4.1.4 Research direction 
Under this issue, this study identifies what researcher perceives as their future research in educational 
programming, including new issue and proposal (Petri et al, 2010). Research in this domain should not be limited 
to programming introduction level, and more research is required to synthesize the current study in educational 
programming and to explore educational technology such as distributed line environment and mobile learning 
(Judy et al, 2009). 
4.2. Research question 2: Method used in research  
There are nine identified methods used in the research paper, as in Table 3. Survey appears to be the most 
widely method that measures feedback and responses from instructors and students regarding the effectiveness of 
programming tools. Several methods were used in evaluating programming tools effectiveness and efficiency. 
This result implies that instructors are required to be more flexible, to use combination of traditional teaching 
approach with other techniques in classroom and laboratory to make the session more interesting (Carsten et al, 
2010 and Carsten Schulte, 2008). 
Table 3. Research method 
Item Number 
Survey 14 
Software design and development 9 
Experience report 6 
Comparison study 4 
Meta Analysis/ Literature review 4 
Program evaluation 2 
Empirical study 2 
Model and framework development 2 
Case study 2 
Total 45 
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4.3. Research question 3: Types of programming tools  
The equipments used by instructors to help students in programming include visualization, simulation, and 
physical or online tools. Table 4 present the result. The analysis suggests visualization as the most widely used 
approach to clarify abstraction in programming (Juha Helminen and Lauri Malmi,2010, Aniket et al,2010, 
Quintin et al. 2011). Most studies concern on evaluation of programming tools rather than development of the 
tools. 
In addition to programming tool, the use of management or support tool is also important, especially to assess 
students’ work on  programming, to record programming activities, and to communicate programming activities ( 
S. Tabanao et al, 2011, Bronius Skupas and Valentina Dagiene, 2010, Davor et al, 2006). A large number of 
research papers (23papers) do not directly involve in using the tools. These papers discuss computing issues 
related to students' behavior and attitudes, dropout and failure factors, theory of programming tools, and 
modeling and analysis of programming teaching and learning . 
Table 4. Programming tools type 
Item Number 
Visualisation/ simulation 12 
Support and management 6 
Online tool 2 
Physical tool 2 
No tools involved 23 
Total 45 
4.4. Research question 4: Programming Level 
All of the papers are related to education domain, in the context of programming teaching and learning (refer 
Table 5). They cover the basic concepts of programming or introductory programming including programming 
algorithms, selection, repetition structures, with two exceptions. These two papers discuss programming data 
structure. This result shows most of the reviewed paper concentrate on the basic level of programming in which 
novice programmers struggle to develop their understanding and skills. 
Table 5. Programming level 
Item Number 
Introductory programming 43 
Data structure 2 
Total 45 
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5. Conclusion 
This study focuses on programming teaching tool and uses review analysis to determine important issues 
raised by recent research conducted on this topic. The findings are based on four research questions. They 
indicate prominent issues addressed by researchers such as the techniques and methods of programming teaching, 
learning and assessment. These findings are useful for researchers to continue research in programming teaching 
tools in regard to this aspect. 
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